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© Coater for low f lowrate coating. 



© It is well-known to use large baths for applying 
developer solution to a photographic material. How- 
ever, excess amounts of the developer solution are 
required to produce the desired results. Described 
herein is a coater arrangement in which developer 
solution can be coated on to a photographic material 
at a rate which does not exceed the maximum swell 
rate of the material. This allows developer solution to 
be applied to the photographic material without 
leaving behind liquid effluent. The coater features a 
delivery char^nel (32) leading from a manifold 
chamber (30) to "a slit orifice(34)rthe channel (32) 
being improved in that it contains a plurality of 
spaced -apart wall portions (38) connecting the op- 
posed flow surfaces (35. 36) of the delivery channel 
(32) which extend in a direction towards the slit 
orifice (34). A further structure is provided inside the 
orifice (34) for coalescing the individual streams fed 
by these wall portions (38) into a continuous strip of 
liquid to be dispensed by the slit orifice (34). 
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@ Coater for low f lowrate coating. 

@ It is well-known to use large baths for applying 
developer solution to a photographic material. How- 
ever, excess amounts of the developer solution are 
required to produce the desired results. Described 
herein is a coater an-angement In which developer 
solution can be coated on to a photographic material 
at a rate which does not exceed the maximum swell 
rate of the material. This allows developer solution to 
be applied to the photographic material without leav- 
ing behind liquid effluent. The coater features a 



delivery channel (32) leading from a manifold cham- 
ber (30) to a slit orifice(34). the channel (32) being 
improved in that it contains a plurality of spaced- 
apart wall portions (38) connecting the opposed flow 
surfaces (35, 36) of the delivery channel (32) which 
extend in a direction towards the slit orifice (34). A 
further staicture Is provided inside the orifice (34) for 
coalescing the Individual streams fed by these wall 
portions (38) Into a continuous strip of liquid to be 
dispensed by the slit orifice (34). 
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This Invention is directed to a coater for apply- 
ing liquid unifomDiy and intemiittently. at a slow 
rate which, In the case of photographic products 
being coated, does not exceed the swell rate of the 
products. g 

A key concern of the 'SO's is how to preserve 
the environment. Preservation efforts include the 
elimination or detoxification of effluents, including 
waste water from photographic processors. 

Conventionally, large baths are used by such io 
processors, which contain chemicals of various tox- 
ic types to develop photographic images. Such 
excess aqueous solutions have only two options for 
disposal - either they have to be constantly reused 
(to avoid disposal entirely), or they have to be is 
disposed of In a way which is not harmful to the 
environment The fomner solution has the disadvan- 
tages of requiring constant adjustments to the 
chemical concentrations to deal with depletion of 
desired chemicals and the possible build-up of, or 20 
contamination from, undesired chemicals. For ex- 
ample, the use of batiis of excess developer solu- 
tion means that if subsequent stations are used for 
a treatment of continuous streams of photographic 
product, each at a different concentration, tfiere is 25 
a risk of cross-contamination as the product moves 
from one station to another. The altemative of 
dumping a contaminated bath in favor of a fresh 
batch has tfie disadvantages of requiring removal 
of ttie noxious chemicals, if possible, prior to 30 
dumping, or contamination of the environment, if 
not possible. 

Such disadvantages could be obviated entirely 
if excess developer solutions could be avoided. 

Altiiough such an approach suggests as a solu- 35 
tion, using only the amount of developer solution 
needed to swell and develop a given print, and no 
more, it has not been possible to apply such an 
amount of effluent-free developer to photographic 
material using conventional coaters. As used here- 4o 
in. "effluent-free" means free of liquid effluent, 
since tfie swelling of the gelatin has to be reduced 
by removing the water in a heater as vapor. How- 
ever, such a gaseous effluent is less harmful tfian 
liquid effluents. ^ 

Conventional coaters typically apply a continu- 
_ous_stream -which exceeds in -volume -and-rate tiiat - 
which tiie underiying support can absorb, so that 
ttiere are fewer demands on the coater. However, if 
tiie liquid to be coated Is delivered only at the 50 
volume and at a rate which can be absorbed for 
development purposes, tiie coater has to be able to 
stop and start intermittently, and at ttie same time 
produce a liquid wavefront which is controlled and 
of unifonn widtii, deptfi, and length. Such a coating 55 
operation has not been possible using coaters of 
tfie prior art. Furthermore, to be commercially via- 
ble, tiie coater must be able to be mass produced. 



preferably of injection molded plastic, and require 
minimum operator attention to function property. 
This means tfiat the effectiveness of ttie coater 
must not depend on machining tolerances which 
are unrealized by traditional techniques for fabricat- 
ing injection molded parts (tolerances of less than 
127um (0.005")). 

Rnally, it has been suggested in ttie past that a 
liquid effluent-free process of development is pos- 
sible if one sprays developer onto tiie photographic 
product Such a process is described In Canadian 
Patent 663.837. The problem witfi spraying is that 
a fine mist high pressure spray produces a satu- 
rating mist of caustic pH which is itself intolerable. 
A low pressure, coarse mist spray avoids ttiis prob- 
lem, but fails to produce a coating which is suffi- 
dentiy uniform. 

Hence, prior to this invention it has been prob- 
lem to provide effluent-free development of a pho- 
tographic product using only tfie volume and rate 
of liquid which can be absori[)ed by tiiat product 
during development, for example, from 5.0 to 
I00ml/m2 over 30s. since no coater was available 
which had this capability. (As noted above, 
"effluent-free" as used in tills application refers to 
freedom from significant liquid effluent, tiiat is free 
from amounts of liquid effluent which have to be 
disposed of in ways ttiat risk contamination of tfie 
environment. Any coater which inadvertentiy leaves 
a few drops of developer behind is not considered 
to produce "significant" liquid effluent) 

In accordance witti one aspect of tfie present 
invention, tfiere is provided a coater for tfie delivery 
of liquid in a uniform layer on to a surface, ttie 
coater comprising:- 

a body having an internal manifold chamber of 
a width generally equal to ttie widtti of a photo- 
graphic product, 

conduit means for introducing tfie liquid at a 
point within the chamber, 

a slit orifice shaped to deliver a uniform layer 
of liquid, and 

a delivery channel having a length extending 
from tfie manifold chamber to tfie orifice. 

characterized in tfiat tfie delivery channel com- 
prises spaced-apart opposed surface£_cqnnected 
together for "tiie majority of tfie delivery channel 
length at spaced Inten^als by a plurality of wall 
portions extending between tiie surfaces in a direc- 
tion toward tfie orifice to confine liquid flow into 
spaced-apart individual streams of flow between 
the wall portions, and coalescing means inside the 
orifice and downstream from ttie wall portions for 
coalescing ttie individual streams togettier into a 
substantially continuous strip of liquid while still 
inside the orifice. 

Accordingly. It is an advantageous feature of 
tfie invention ttiat a developing process is provided 
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using a coater which produces no significant liquid 
effluent which has to be re-used or-dlsposed of. 

It is a related advantageous feature of the 
invention that the coater provided for this purpose 
is readily manufacturable on a repeated basis. 

Another advantageous feature of the invention 
is that baths of developer solutions need not be 
monitored and/or modified after use since the 
amount of solution used has only a single use, 
once dispensed. 

Another related advantageous feature of the 
invention Is the prevention of cross-contamination 
of various developer solutions, since they remain 
either in closed containers (the coater) or are 
quickly absortwd into their assigned photographic 
product. 

For a better understanding of the present in- 
vention, reference will now be made, by way of 
example only, to the accompanying drawings in 
which:- 

Rgure 1 is a transverse sectional view of a 
coater of the prior art; 

Rgure 2 is a sectioned view taken generally 
along the line 11-11 of Rgure 1 of the prior art; 
Rgure 3 is a perspective view of a coating 
operation of a comparative example, of the prior 
art; 

Rgure 4 is a schematic view of both a sectional 
coater and the resultant print produced there- 
from, as a comparative example; 
Rgure 5 is a schematic view illustrating the 
contact angle measurements made as described 
hereinafter; 

Rgure 6 is a sectioned view similar to that 
shown in Rgure 2, but illustrating one embodi- 
ment of a coater constructed in accordance with 
the present invention; 

Rgure 7 is a sectioned view taken generally 
along the line VII-VII of Rgure 6; 
Rgure 8 is an enlarged, fragmentary sectioned 
view similar to. but of the portion of. Rgure 6 
which is marked as "VIII". showing the coater 
with liquid in the quiescent mode; 
Rgure 9 is a sectioned view similar to that 
shown in Rgure 4. illustrating yet another com- 
parative example; 

Rgure- 10-isa-fragmentarysectioned"view" simi- 
lar to that shown in Rgure 7. but of a second 
embodiment of the present invention; 
Rgure 11 is a fragmentary sectioned view simi- 
lar to that shown in Rgure 8. but of a third 
embodiment of the present invention; 
Rgure 12 is a sectioned view similar to that 
shown in Rgure 7. but illustrating another al- 
ternate embodiment of the present invention; 
Rgure 13 is a schematic view similar to that 
shown in Rgure 4, but of a coater and the 
resulting print of the present invention; and 



Rgure 14 is a color print produced by the - 
~ present invention. 

The invention is hereinafter described in con- 
nection with the preferred embodiments, in which 
5 the coater is described for development of pre- 
ferred photographic paper using certain preferred, 
developer solutions. In addition, the coater can be 
used to apply any kind of liquid to any kind of 
surface whether or not the surface is absorptive or 
10 part of a photographic product. 

As used herein, "developer liquid" means any 
solution effective to develop a latent photographic 
image in the surface on to which the solution is 
applied. Most preferably, the developer solution is 
15 free of known surfactants. Instead, surfactants, if 
needed at all, are preferably found in the surface 
being coated. 

Regarding the photographic product which is 
the surface to which the developer solution is ap- 
20 plied, that product, as noted, needs to be absorp- 
tive at the rate the developer solution is applied. 
This usually requires a layer of gelatin, or its equiv- 
alent, which will absorb the liquid and swell during 
development. Most preferably, to preclude the 
25 wavefront of liquid from breaking into discontinuous 
puddles on contact witti ttie product due to high 
surface tension, the product also, in addition to 
being absorptive, is sufficientiy wettable to uni- 
formly attract tiie wavefront. tfius preventing 
30 wavefront break-up. (Such break-up is illustrated in 
Rgure 3. a comparative example. The illustrated 
break-up of wavefront W produces fingers which 
run together, as shown by arrows 10. 12. to create 
entrapped air pockets which are insufficientiy treat- 
35 ed. Instead, what is desired is a uniformly continu- 
ous wavefront W, shown in phantom, out of tfie 
orifice of coater 20. Otherwise, characteristically 
the product develops in streaks, as shown in Rgure 
4, also a comparative example.) 

A convenient and preferred measure of this 
wettability is the contact angle the developer solu- 
tion makes witii the photographic product. It has 
been determined that, in order to maintain tfie 
proper wavefront (W as shown in Rgure 3). tiie 
45 contact angle should be less than 45* when mea- 
sure d by standard goniometer techniques 400s 
after applying liquid. Rgure 5 is an iflustration of 
the contact angle in question. 

A wide variety of photographic products pro- 
se vides such contact angles. For example, those that 
bear on their surface an unhardened layer of gela- 
tin, such as conventional X-ray film or paper com- 
monly have a contact angle of 28* (for example, 
for "Min-R""* X-ray paper available from Eastman 
55 Kodak Company) and hence are useful. 

Referring now to Rgures 1 and 2 which illus- 
trates a coater of ttie prior art, the coater of the 
present invention has in common certain features 
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with the prior art. Both of them comprise a body 22 
into which Is fed the solution to be coated, via a 
supply line 23, as shown in Rgure 1 . from a closed 
storage vessel (not shown). To introduce the liquid 
into the coater at a point the supply line exits at an 
aperture 24. as shown in figure 2. This aperture in 
turn feeds directly to an internal manifold chamber 
30 having a width generally equal to the width of 
the desired wavefront. Beyond the manifold cham- 
ber and fluidly fed therefrom Is a delivery channel 
32 which leads from a junction surface 33 with 
chamber 30, to a slit orifice 34 on an exterior edge 
of the coater, which deposits the liquid wavefront 
on to the support or photographic product As is 
more cleariy shown in Rgure 1, channel 32 is 
much narrower in height h than the manifold for the 
entire width of the channel, with height h being 
generally on the order of 0.05mm ± 1%, thus 
producing a very high pressure drop across the 
channel 32. This pressure drop Is needed to 
spread the point source of the liquid throughout 
chamber 30 before it exits through channel 32. 

There are several problems with such a coater. 
One is that such a narrow channel tends to pro- 
duce local discontinuities, as shown in Rgure 3. at 
the wavefront This is particulariy true when apply- 
ing developer solutions to photographic products at 
a rate (0.02 - O.OSml/m^/s) which is no more than 
the product can absorb. Such a coating rate is 
much slower than the rate the conventional coater 
uses. These slower rates induce the wavefront to 
break up more than occurs at the faster, conven- 
tional rates. The reasons include local variations in 
at least the absorptivity of the support at the 
wavefront. and in the wettability of the support. 
Also higher coating rates ensure that a substantial 
excess of liquid is delivered to the surface to 
accommodate any variability in absorptivity. It is 
the elimination of such excesses that is the motiva- 
tion behind the cun-ent invention. Still further, the 
high precision for height h precludes making the 
coater out of inexpensive materials. 

In accordance with the present Invention, and 
as a solution to the abovementioned problems, it 
has been found that the same coater 120. shown in 
Rgures 8 and 7. is drastically improved by con- 
structing chanrfer32~so~thatlfie^paced-^ 
posing surfaces 35 and 36 (Rgure 7) defining the 
major flow contact within channel 32. are con- 
nected together for the majority of the channel 
length, at spaced intervals, by wall portions 38. By 
"majority", it is meant that at least 50% of the 
length of channel 32, as shown for example in 
Rgure 7 from its inception at edge 33 to the orifice 
34. is occupied by the wall portions 38. Wall por- 
tions 38 preferably extend substantially completely 
across the space t)etween surfaces 35 and 36, and 
can be spaced along the width w, as shown in 



Rgure 6. at regular or Irregular intervals, provided 
there are enough of them. Substantially complete 
extension between surfaces 35 and 36 is preferred, 
as otherwise the wall portions 38 tend not to be 
s effective to break up the flow into individual 
streams. Preferably they extend in a direction from 
chamber 30 to orifice 34, and most preferably in a 
direction which is perpendicular to . the edge of 
coater 120 defining orifice 34. 
10 The function of wall portions 38 is to divide up 
the liquid flow into discrete, individual streams 40, 
as Is more clearly shown in Rgure 8. Most prefer- 
ably such streams, and therefore the wall portions 
38, are generally parallel. The reason for the suc- 
15 cess of the discrete streams is not completely 
understood. However, the following is one possible 
explanation: Without the break-up of the liquid Into 
individual streams by the wall portions, the advan- 
cing meniscus is free to advance unevenly towards 
20 the orifice, so that upon exiting, a non-linear, un- 
even wavefront Is deposited. However, the wall 
portions in contrast break up the liquid into the 
individual streams which do not form a continuous 
wavefront again until immediately at the orifice. The 
25 length of the coalescing means that provides this 
reformation Is discussed below. 

Regarding the number of occunences of wall 
portions 38. along the width w, it will be apparent 
that as the number decreases, one eventually 
30 reaches a condition little different from that shown 
in Rgure 4 where there are none. The minimum 
number needed varies, depending on the nature of 
the liquid being coated. However, for a developer 
solution used with photographic products, prefer- 
35 ably that number is such that the spacing s (Rgure 
8) between most of them is less than 5mm. The 
reason is illustrated in Rgure 9 which shows a 
comparative example where wall portions 38 were 
about 5.0mm apart, at regular intervals, and the 
40 developed print was considered to be just barely 
unacceptable due to the variations In the density 
produced. Thus, prefen-ed examples of a useful 
spacing include, for example, one in which the 
. walls are between 0.4 and 0.8mm apart, across the 
45 width w. as shown in Rgure 6. (In all the examples 
s howing a devejoped prmt^tiiat is. Jn Rgures _4, 9 
and 13. the concentration of developer was watered 
down by about 50%. to more cleariy denote flow 
irregularities.) 

60 It will be readily appreciated tfiat walls 38 can 
be too close together, at which point they form 
pores which are so small compared to the im- 
permeable wall space that the performance is un- 
acceptable. For developer solutions, spacing less 

55 than 0.1mm is considered too close together to be 
particulariy useful for a uniform spacing. If the 
spacing is irregular, a few can be this close if most 
are spaced at 0.4 to 0.5mm, 
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To allow for maximum air displacement when 
liquid first enters chamljer 30. it Is preferred that 
connecting walls 38 not extend back through deliv- 
ery channel 32 to the junction surface 33. as shown 
in Rgure 7. Instead, walls 38 start at a position 60 s 
away from surface 33, towards slit orifice 34. The 
spacing distance 1 between position 60 and junc- 
tion surface 33 can be from 0.1mm to 1.0mm, with 
a spacing of 0.3mm preferred. Such spacing pro- 
vides an open, continuous flow chamber, in con- io 
trast to the case if walls 38 were to lengthwise 
extend all the way from junction surface 33. 

To create the coalescing pocket 50. shown in 
Figures 7 and 8. for coalescing the individual 
streams 40 into a substantially continuous strip or 75 
bead of liquid just inside orifice 34, when the liquid 
is ejected, wall portions 38 do not extend all the 
way to orifice 34. Instead, they stop short at edges 
52. When liquid is no longer to be coated, the 
previously-coated liquid breaks off at edges 52, 20 
leaving, as shown in Rgure 8. individual menisci M 
of the individual streams 40. Such behavior Is im- 
portant, because without coalescing pocket 50, the 
coater while quiescent will produce a meniscus 
which traverses the entire width of channel 32. 25 
When that happens, air intrusion occurs due to the 
large surface area exposed, and the long meniscus 
starts to fall out in puddles, leaving unacceptable 
quantities of liquid at the work station, possibly on 
the next product to be exposed: This in tum pro- 30 
duces uneven amounts, and possibly excessive 
amounts, of developer on the next product In addi- 
tion, the air which has intruded into the hopper 
forms pockets which obstruct liquid flow during the 
next coating cycle, producing grossly non-unifonm 35 
fluid delivery which cannot be compensated for, by 
the coalescing means at the orifice. Preferably, to 
further Induce the menisci M to stop at edge 52, 
pocket 50 is constructed so that spaced-apart sur- 
faces 35 and 36. Rgures 7 and 10, are stepped 40 
abaiptly farther apart In pocket 50 than they are in 
channel 32. This creates at least one edge surface 
54 in surface 35 or 36 as shown in Rgure 10. to 
induce menisci M (Rgure 8) to stop at edge sur- 
face 52. h/Iost preferably, as shown in Rgure 7, 45 
there are two such edge surfaces 52. 

f:or^example.-^whereas-spaGing~hi-as-shownHn- 

Rgure 10. can be about 0.4mm, the spacing h* of 
surfaces 35 and 36 at pocket 50 is 0.5mm. 

The length of pocket 50. measured in the di- 50 
rection extending from edge 54 to orifice 34. is 
preferably no greater than 2.5mm. so as to avoid 
the problem noted above of a non-unifomnly lo- 
cated meniscus which is created by the prior art 
orifice which lacks the wall portions completely. 55 

The substantially continuous strip of liquid 
which must be produced by the coalescing means, 
refers to a strip which is sufficiently continuous as 



to not produce noticeable streaking upon develop- 
ment. 

Alternatively, the connecting wall portions can 
lengthwise extend all the way to the slit orifice and 
still create a coalescing pocket, if those wall por- 
tions are feathered In width at the slit orifice, as 
shown in Rgure 11. Parts similar to those pre- 
viously described bear the same reference numeral 
to which the distinguishing suffix "A" Is appended. 

Thus, coater 120A features the same manifold 
chamber 30A. delivery channel 32A and slit orifice 
34A as before, with connecting wall portions 38A 
connecting the opposed flow surfaces (of which 
only surface 36A is shown). As before, wall por- 
tions 38A commence at position 60A spaced away 
from junction surface 33A. However, unlike the 
previous embodiments, wall portions 38A do ex- 
tend to slit orifice 34A, but only in a form having a 
tapered transverse thickness t which decreases to 
an infinitesimally small edge 62 at the orifice. This 
is sufficient to minimize liquid flow vortices which 
would occur without the taper, thus producing a 
coalesced flow that exits orifice 34A. Stated in 
other words, the tapered edges 62 are so thin that 
the liquid "sees" the orifice as a continuous slit. 

The distance D of the taper can be varied 
considerably. A useful example is 1.0mm (at least 
two times the spadng between wall portion 38A). 

As an optional additional feature, as shown In 
Rgure 12, means can be added to increase vis- 
cous resistance to flow of liquid from the slit orifice 
on to a surface, thereby further damping out vorti- 
ces which may remain due to the presence of 
connecting wall portions at or adjacent to the slit 
orifice. Parts similar to those previously described 
bear the same reference numeral, to which the 
distinguishing suffix "B" is appended. 

Thus, coater 120B comprises chamber 308, 
delivery channel 328, slit orifice 348, and wall 
portions 388 connecting opposed flow surfaces 
358 and 368. Wall portions 388 stop short of 
orifice 348, as in the embodiment shown in Rgure 
7. However, the walls 70 and 72 defining slit orifice 
348 are of substantially different thickness di and 
dz (Rgure 12). In particular. 62 is made substan- 
tially larger than in other embodiments, to substan- 
tiaily-increase- the vrscous~fesista^ to flow" be- 
tween the face 73 and the receiving surface. There 
are two primary considerations in the choice of 62:- 

(1) The resistance should be great enough to 
ensure that the liquid spans the entire space 
between face 73 and the receiving surface, at 
the prescribed fluid delivery rate and surface 
speed, and 

(2) The distance 62 should be large enough to 
viscously dannp out eddies formed upstream at 
surface 70 and in channel 348. 

That is, <h is substantially greater in value than 
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the gap g. Most preferably, 62 should be at least 5 
times the spacing * between surface 73 and the 
receiving surface to be effective. For example. 62 2: 
0.9mm for a flow gap g of 0.18mm. 

On the other hand, the thickness di of wall 70 5 
is not critical, but should be minimized to facilitate 
the formation of a continuous film of liquid on this 
upstream edge that bridges the distance between 
face 73 and the receiving surface. Most preferably, 
di should be of the same order as the gap width g. 10 
for example, « 02 mm. 

Coater 120 can be manufactured from a variety 
of materials, but preferably from plastics resistant 
to the liquid being coated. For developer liquids, 
useful materials comprise polystyrene or 75 
polytetrafluoro-ethylene such as "Teflon"™. Be- 
cause these latter are non-wetting, a positive pres- 
sure should be applied at the inlet orifice until the 
hopper is completely filled, to minimize tiie pos- 
sibility of air entrapment. 20 

The coater of the present invention has been 
effective in repeatedly and intermittentiy applying a 
tfiin, low volume, unifonn coating of developer liq- 
uid onto photographic products (for example, via 
line 23 in Rgure 7). The application rate has been 25 
no greater tiian tiiat needed to swell the devel- 
opable layers being coated, for example, at a rate 
of between 1 and 20ul/cm of widtii/s. The result is 
a substantially liquid effluent-free developing pro- 

Figure 13 illustrates ttie greater uniformity of 
flow and coating provided, using coater of Rgure 6. 
This is in mariced contrast to ttie results of Rgure 
4, a comparative example. (As in the case of Rg- 
ure 4. tfie developer concentration has been dras- 35 
tically reduced, by 50%, to allow flow discrepan- 
cies to be distinguishable.) The spacing apart of 
wall portions 38 in tiie transversed direction in tfiis 
coater was approximately 0.4mm. 

An actual color print developed using a coater 4o 
of this invention is shown in Rgure 14. The em- 
bodiment was that as shown in Rgure 13. wherein 
tfie transverse spacing A between wall portions 38 
(Rgure 8) was 0.4mm. The developer process 
used was Eastman Kodak Company's conventional 45 
CD3 and carbonate fomiulation applied to ttie pa- 
-per-separatelyf 

34iil/sec of potassium cartjonate (112g/l) in 
water from a 100mm (4-) hopper to paper moving 
at 25mm/s (lin/s). that is. at an application rate of so 
about 1.25mim2 (swell = 2.Smm). After allowing 
the activator to soak in for 20s. tiie above applica- 
tion was repeated using Kodak developer. CD3 
{37.5g/l) in water. Development was complete in 
50s at 21 -C. and ttiere was no effluent. The pro- ss 
cessed coating was put ttirough a conventional 
bleach-fix treatment, washed and dried. The maxi- 
mum density readings for ttiis print were:- 



cyan = 1.32 

magenta =1.35 
and yellow = 0.93. 

The print Is offered in color as the best evi- 
dence to substantiate the assertions herein that 
excellent uniformity in -developer coatings are pro- 
duced by this invention, while still producing sub- 
stantially no liquid effluent. The lack of streaking is 
very apparent from this photographic print. 

Claims 

1. A coater (120; 120A; 120B) for the delivery of 
liquid in a unifonn layer on to a surface, the 
coater comprising:- 

a body having an internal manifold cham- 
ber (30; 30A; 30B) of a widtii generally equal 
to the width of a photographic product, 

conduit means (23) for introducing ttie liq- 
uid at a point within ttie chamber (30; 30A; 
30B). 

a slit orifice (34; 34A; 34B) shaped to 
deliver a uniform layer of liquid, and 

a delivery channel (32; 32A; 32B) having a 
lengtti extending from the manifold chamljer 
(30; 30A: 30B) to ttie orifice (34; 34A; 34B). 

characterized in ttiat ttie delivery channel 
(32; 32A; 32B) comprises spaced-apart op- 
posed surfaces (35. 36; 35A. 36A; 35B, 36B) 
connected together for the majority of the de- 
livery channel lengtti at spaced intervals by a 
plurality of wall portions (38; 38A; 38B) extend- 
ing between tiie surfaces (35. 36; 35A. 36A; 
35B. 36B) in a direction toward ttie orifice (34; 
34A; 34B) to confine liquid flow Into spaced- 
apart individual streams (40) of flow between 
tfie wall portions (38; 38A; 38B), and coales- 
cing means (50) inside the orifice (34; 34A; 
34B) and downstream from ttie wall portions 
(38; 38A; 38B) for coalescing ttie individual 
stt-eams (40) togetfier into a substantially con- 
tinuous strip of liquid while still inside ttie ori- 
fice (34; 34A: 34B). 

2. A coater according to claim 1, wherein the * 
coalescing means (50) are defined byjthe tei- 
mination of the connecting wall portions (38; 
38A; 38B) just inside the orifice (34; 34A; 34B) 
to define a pocket (50) within ttie orifice (34; 
34A; 34B) and extending generally perpendicu- 
lar to ttie direction of liquid flow out of the 
orifice (34; 34A; 34B) which is free of ttie wall 
portions (38; 38A; 38B) so as to provide tiie 
coalescing of the parallel streams (40). 

3. A coater according to claim 2. wherein the 
spaced-apart surfaces (35. 36; 35A. 36A; 35B. 
36B) are spaced abruptiy further apart at the 
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orifice (34; 34A: 34B) than at a location just 
inside the orifice (34; 34A; ^4B) to provide at 
least one edge surface (52. 54) for pinning a 
meniscus (M) within the orifice (34; 34A; 34B) 
when flow has temporarily been terminated. s 

4. A coater according to any one of claims 1 to 3, 
wherein the wall portions (3BA) extend sut>- 
stantially completely across the gap Ijetween 

the surfaces (35A. 36A) and to the orifice (34A) ro 
with a thickness which tapers sufficiently as 
the orifice (34A) is reached as to aid coales- 
cence of the separate streams (40) at the . 
orifice (34A). 

75 

5. A coater according to any one of claims 1 to 4, 
wherein the wall portions (38; 38A; 388) confin^ 
ing the liquid into the parallel streams (40) are 
spaced away from and do not extend to the 
junction (33; 33A) of the delivery channel (32; 20 
32A; 328) and the manifold chamber (30; 30A; 
308) so that a continuous flow chamber is 
provided at the junction (33; 33A) sufficient to 
allow maximum air displacement when liquid 
enters the manifold chamber (30; 30A; 308) 25 
from the conduit means (23). 

6. A coater according to any one of claims 1 to 5. 
wherein the wall portions (38; 38A; 388) ex- 
tending between the surfaces (35, 36; 35A, 30 
36A; 358, 368) have a transverse thickness 
which decreases as the wall portions (38; 38A; 
388) approach the orifice (34; 34A; 348) so as 

to minimize liquid flow vortices which can be 
created by the wall portions (38; 38A; 388). 35 

7. A coater according to any one of the preceding 
claims, further including at the orifice (348). 
resistance means for increasing viscous resis- 
tance to flow of liquid outside of the orifice 4o 
(348) and on to the surface being coated. 

8. A coater according , to claim 7, wherein the 
resistance means comprise an edge of the 
coater at the orifice (348) which is substantially 45 
greater in thickness in the direction of flow of 

liquid-from the-orifiee (348)-on-to-the surface 

than the spacing of the coater orifice (348) 
from the surface being coated. 
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A coater according to any one of claims 1 to 7. 
further including means for providing a devel- 
oper solution to the conduit means (23) where- 
by the coater (120; 120A; 1208) is used to 
develop photographic film. 
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FIG. 4 
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FIG. 8 

FIG. 7 
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FIG. 13 
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